185 186 BEGUM, RAKSHIT, AND RAHMAN species provided considerable interest for food industry. They have been used in solidstate fermentation for several countries, especially in Asia such as China, Korea, Japan, Indonesia, Malaysia and Singapore for preparing many fermented foodstuffs. [4, 5] Rhizopus species not only enhances the digestibility and protein content of foodstuffs, [6] [7] [8] [9] but also prevent the formation of the toxic substances such as aflatoxin B1. [10] They can produce numerous anti-carcinogenic substances [11] by synthesizing an antibiotic that is extremely active against a large number of gram-positive bacteria [12] and detoxify cassava cyanogenic glycisides. [13] Currently, people are more interested in ready-to-eat food. As food material, bread has several advantages such as convenience, storage qualities and balanced nutrients. The habit of eating bread made from wheat has spread throughout the world. In order to reduce excess pressure on wheat, non wheat staple crops can be used instead of wheat. Fermented cassava flour as it is rich in protein can be supplemented to wheat flour and this could fortify bread. This study was conducted to determine the change in physicochemical properties of fermented cassava flour and the effect of fermented cassava flour on composite breads.
INTRODUCTION
Cassava is one of the most important tropical root crops in developing countries. Its starchy roots are a major source of dietary energy for more than 500 million people. [1] It is known to be the highest producer of carbohydrates among staple crops. However, cassava is carbohydrate-rich but low in protein, so people who eat only cassava suffer from malnutrition. Protein deficiency exists in about 60% of the world, particularly in the developing countries. [2] Many regions that are actually deficient in protein have an adequate supply of carbohydrates, usually in starch form. The conversion part of starch into protein by microbial fermentation is being explored. [3] This protein could improve the proteincalorie balance of people in these poor countries. A practical approach would be to enrich cassava with protein by means of a simple technology, such as solid-substrate fermentation. Protein could be synthesized by micro-organisms growing on solid cassava flour without maintaining aseptic conditions so that other micro-organism could not grow in this media. Filamentous fungi are mostly used in solid-state fermentation. Several Rhizopus
This study was conducted in the laboratories of the Asian Institute of Technology, Thailand. Cassava flour supplied by Tong Jan Ltd., Thailand and strains (two Rhizopus oryzae and two Rhizopus delemar) for fermentation was obtained from Thailand Institute of Scientific and Technological Research (TISTR). Other ingredients were procured from local market.
Sporangiospore Production
Four Rhizopus strains were studied in this experiment. The tested strains Rhyzopus oryzae (TISTR 3052), Rhizopus oryzae (TISTR 3058), Rhyzopus delemar (TISTR 3534) and Rhyzopus delemar (TISTR 3190) were inoculated on potato dextrose agar media plate. After culturing the strain for eight days at 28 • C spores were collected by using loops to scrape out of petridish agar surface. Spores were suspended in tubes containing sterile physiological saline solution (0.9% NaCl) with 0.01% Tween 80 solution.
Solid State Fermentation
Collected spores were inoculated in raw cassava flour and cooked cassava flour as shown in Fig. 1 . Volume of spore solution added depended on concentration of spores. Initial pH was adjusted to 5.0. The mixture was incubated in the control relative humidity chamber for 72 h. Sample was collected every 12 h and analyzed for moisture content, protein content, pH and α-amylase activity (Fig. 2 ).
Bread Preparation
Yeast-leavened composite bread was developed from the commercial formulation, adjusted to 260 g dough (Table 1 ). In the production of composite breads the amount of cassava flour, fermented cassava flour and fortified cassava flour levels included 10, 20, 30, 40, and 50% of total flour. At first the yeasts was rehydrated to ferment in warm (40 • C) water (8 ml/g dry yeasts) for 10 min. Salt and sugar were dissolved in the remaining water according to Table 1 . The remaining dry ingredients were then transferred into the dough mixer. The dough was mixed first two minutes at low speed and next 10 minutes at medium speed. The resulting dough was first proof for one hour and 20 minutes in the proof cabinet at 28 • C. The relaxed dough was then divided into dough portions. Next, the divided dough was manually rounded up and first proofed for 15 min. Then the dough was manually molded and placed in the baking pan. The panned dough was next proofed at 28 • C instead of 40 • C for 30 min. The method used was modified method of Khanitta. [14] The leavened dough was baked in the ready heated oven for 25-35 min at 200 • C.
Analytical Methods
Proximate compositions of raw cassava flour, fermented cassava flour and bread crumb were determined by AOAC. [15] The crude fiber of sample was determined by Fibertec System consisting of Hot Extraction Unit 1020 and Cold Extraction Unit 1021. [16] Protein content was measured by Lowry Assay. [17] Amylose content was measured by using DMSO-Iodine complex. [18] α-amylase activity in fermented cassava flour and pH were measured according to Soccol et al. [7] The pasting properties of samples were measured using Rapid Visco Analyser (The series 4 RVA Newport Scientific Pty. Ltd., Australia). Measurement was based on the method of Guha et al. [19] 
Bread Evaluation
Loaf volume was determined by starch pearls replacement and the specific volume was obtained by dividing loaf volume by its weight. The prepared bread was placed in a known volume container and the remaining gap was filled with starch pearls. The volume of the bread was determined by deducting the volume of starch pearls from the total volume of the container. Dough expansion was measured by using the method used by Khanitta. [14] 50 g dough was placed in a measuring cylinder and compressed well before testing. Cylinder was placed in a cabinet at 28 • C and volume increase was recorded at every 10 min for 110 min. Bread firmness and springiness were determined according to the standard method published by AACC method using a Texture Analyzer. [20] 
Sensory and Instrumental Evaluations
The composite flour breads were evaluated for the acceptability of color, aroma, grain, taste, texture, and overall preference by the hedonic 9-point scale where 9 represents extremely liked and 1 extremely disliked. The nine untrained panelists were the Food Engineering and Bioprocess Technology students of AIT, Pathumthani, Thailand, ranging in age from 20 to 30 years. The panelist was selected by triangle test. They tested similar size (2 cm × 2 cm) wheat bread, cassava flour composite bread (wheat flour was replaced by cassava flour from 10 to 50%), fermented cassava flour composite bread (wheat flour was replaced by cassava flour from 10 to 50%) and wheat cassava flour composite bread enrich by soy flour separately. Here panelist compared different types of cassava flour composite bread with 100% wheat flour bread as control. They evaluated the coded samples in a room alone where the bread samples were served on the plastic dishes under day light condition. With respect to sensory evaluation, the same size of bread samples was also tested for the instrumental textural profile analysis (TPA) on the basis of hardness, springiness, cohesiveness, gumminess, and chewiness by using an appropriate program in the Food Materials Testing Machine (Instruments model LRX 5K, LLOYD Instruments Ltd.). A 10 cm diameter stainless steel thin plate attached to the Food Material Testing Machine and equipped with 50 kg load cell with the cross head speed of 20 mm/min was used to compressed bread pieces to 60% of their original height. The bread sample was compressed twice to give a two bit textural profile curve.
Statistical Analysis
The difference between treatment means were analyzed using one way and two-way analysis of variance (ANOVA) at a 0.05 significance level. Duncan's Multiple Range Test (DMRT) was used to compare treatment means, if a significance difference was detected at 5% level of significance. Unless otherwise mentioned all the measurements were made in triplicate and the values represents the average of three measurements.
RESULTS AND DISCUSSION

Effect of Temperature and Cassava Flour on Fungal Growth
Cassava flour were gelatinized with same saline solution at 121 • C for 30 min and inoculated with same inoculums size. Four fungal strains viz Rhizopus oryzae (TISTR 3052), Rhizopus oryzae (TISTR 3058), Rhizopus delemar (TISTR 3534) and Rhizopus delemar (TISTR 3190) were cultivated on raw and cooked cassava flour substrates for at 30 and 35 • C ( Fig. 1 ). All strains grew better in cooked substrate ( Table 2 ). The better and the best fungal growth were observed on cooked cassava substrate at 30 and 35 • C, respectively than that of raw cassava flour as indicted by the production of protein and alpha amylase activity (Table 2 ). However, Rhizopus oryzae (TISTR 3052) gave higher α-amylase value at 30 • C. At both the temperatures, the higher protein content and α-amylase activity were observed on the 72nd hour. It may be happened as micro-organism preferred gelatinized starch. It could easily breakdown the cooked substrate and consumed sugar as food. Rhizopus oryzae (TISTR 3058) grew better on cassava flour and produced the highest amount of protein (7.7 g/100 g dry sample) and α-amylase activity (27.5 U/g dry sample) in gelatinized cassava flour substrate at 35 • C, which was therefore chosen for further experiments.
Protein Content, α-Amylase Activity, and pH
Protein content, α-amylase activity and pH of fermented cooked cassava at 35 • C were observed at 12-h intervals. The general pattern of protein and α-amylase activity production with incubation time closely followed the pattern of fungal growth (Fig. 3 ). In case of cassava fermented by Rhizopus oryzae (TISTR 3058), rapid production of protein and α-amylase activity occurred from 24 to 60 h, with values ranging from 1.71 to 5.82 g/100 g dry sample (DS) and 4.4 to 26.8 U/g DS, respectively. After 60 h protein production was slower and α-amylase activity was decreasing. Therefore, harvesting time could be in between 60 to 72 h. The pH of a culture may change in response to metabolic activities. The most obvious reason was the secretion of organic acids such as, citric acid, acetic acid or lactic acid and ammonium salt consumption which would cause the pH to decrease. In the experimental results Rhizopus oryzae (TISTR 3058) reduced pH from 6.3 to 3.2 ( Fig. 3 
Physicochemical Properties
Rhizopus oryzae increased the protein and total nitrogen content of cassava flour from 0.68 to 14.9 g/100 g dry sample through the fermentation technique ( Table 3 ). The increase in protein content might be due to the fact that Rhizopus oryzae, degraded cassava product readily, [21] and secreted extra cellular enzymes in substrate which consequently increased the protein content of the flour, as well as microbial biomass. It was also observed that fermentation increased the fat, fiber but relatively lower amount, however it increased considerable ash content. Fermentation lowered the amylose content from 18.40 to 16.06%. This may be due to the presence of different enzyme which could break linear chain of amylose and reduced the percentage.
Pasting Properties
Pasting characteristics of native cassava flour, wheat flour, cooked with water, cooked with mineral solution and fermented flour were evaluated by Rapid Visco Analyser (RVA) presented in Fig. 4 . Pasting properties of tested flours were significantly different from each other. The difference in pasting properties of native flours appears due to the different components of flours especially protein, lipid, amylose and amylopectin contents. All pasting properties (trough viscosity, final viscosity, pasting temperature and peak time, peak viscosity, and break down) of cassava flour are higher than that of wheat flour but set back is lower than wheat flour. This may be because wheat flour has higher protein, lipid and fiber. Heat treatment of cassava flour increased trough viscosity, final viscosity, setback pasting temperature and peak time but decreases its peak viscosity and break down. Peak viscosity of cooked starch decreased due to the rearrangement of granular structure of starch during heating with water. Further decrease in peak viscosity in case of gelatinized with mineral solution was due to salt. Pre-gelatinization provides a cold soluble substance that gives high cold paste viscosity rather than a gelatinization peak.
Fermentation markedly reduced all of the pasting parameter of cassava flour. It gave lower level of peak, final viscosity and setback but higher pasting temperature. This may be happened due to the protein content of fermented flour. Besides, during fermentation α-amylase broke starch long chain, formed small chains, and reduced total starch content. Similar results were also found by other scientists that fermentation, blanching and drying modified the rheological properties of the cassava starch and flour, which produced more retrogradation and reduced viscosity, together with an increased swelling power. [22, 23, 24] 
Composite Bread Evaluation
Three types of composite bread were studied to evaluate their instrumental textural properties and sensory quality. Cassava flour was used to ascertain the possibility of reducing wheat content in bread and to replace with locally available cassava flour in composite bread. The nutritional value of this kind of bread was improved by using fermented cassava flour. Finally to improve the quality soy protein fortified cassava flour used in composite bread. 10-50% cassava flour was used for each experiment. Volume and specific volume of composite bread containing 10 to 20% substitution of wheat flour by cassava flour and fermented cassava flour had no significant difference from 100% wheat flour bread (Fig. 5 ). Soy protein (up to 6.4%) improved the baking properties of composite bread. In terms of volume and specific volume 20% enriched (by soy protein) cassava flour in dough gave best bread and up to 30% enriched cassava flour substitution of wheat flour was possible. Wheat flour contains gliadin and glutenin protein, which helped forming viscoelastic dough. This dough retained gas during fermentation and early stages of baking. After starch gelatinization and protein coagulation the dough changed into high raised and elastic bread. The reduced volume and specific volume of composite bread a. Volume of composite bread Baking data were analyzed separately for each cassava flour substitution level. Mean in column followed by the same letter are not significantly different at 95% confidence level (P > 0.05).
was associated with the absence of gluten in cassava flour. The composite flour dough formed weak viscoelastic network that could not retain enough gas during fermentation and baking like wheat dough. Dough containing 30 to 50% cassava flour showed abnormal crust. Fermented cassava flour with protein content of 6.4 g/100 g dry sample did not produce bread with improved properties as compared to raw cassava. This may be happened because the protein obtained on fermentation does not have properties of gluten protein in wheat but certain amount of soy protein helped to improve the baking properties of composite bread. Firmness of bread increased with the increase of cassava flour substitution whereas springiness decreased (Table 4) .
Dough expansion was measured in terms of dough volume at every 10 minutes interval. Wheat and cassava composite dough expanded faster than other combination and composite flour dough expansion decreased with the increase of cassava flour ratio. Twenty percent cassava flour substitution seemed minimal than that of other levels. Fermented cassava flour dough showed less expansion levels than that of non fermented cassava flour. Twenty percent soy protein enriched cassava flour substituted dough showed little bit higher expansion than that of wheat dough (Fig. 6 ).
Effect of Storage on Bread Structure
Composite bread firmness increased and springiness decreased with the increase of storage time (Table 4 ). Higher substitution level of cassava flour resulted in faster firming in general. Bread containing 10% fermented cassava flour was the most soft after three days of storage. Soy protein enrich flour decreased the firming rate and springiness of bread. Soy protein also improved bread storage characteristics and 10-30% substituted bread was softer than that of wheat bread (Table 4) .
Sensory Evaluation and Instrumental Measurement
The acceptability of composite wheat flour breads was determined in terms of sensory evaluation. Six parameters were considered under organoleptic tests including crumb colour, grain, aroma, taste, texture and overall acceptability. It was observed that most of ogranoleptic characteristics also decreased with the substitution level increased. Overall acceptability of wheat-cassava flour and wheat-fermented cassava flour bread were disliked slightly to like slightly (4.5-6.8) and disliked slightly to like slightly (4.0-6.2) respectively. Up to 20% substitution was acceptable for both type of composite bread. On the other hand, soy protein fortified composite bread was neither liked nor disliked moderately (5.0-7.0), and 30% substitution was accepted by the panelist (Table 5 ). Sensory scores, baking properties and instrumental measurement of formulated bread were good and correlated with each other. Volume, specific volume, springiness and sensory scores like taste, texture and overall acceptance were positively correlated ( Table 5 and Fig. 7a ), but negatively correlated with hardness ( Table 5 and Fig. 7b ). 
Nutritive Value of Composite Bread
Twenty percent cassava flour addition in composite bread reduced its nutritive value specially protein content (10.53%) than that of wheat flour (13.39%). But higher protein content was found in fermented (12.33%) and soy protein fortified cassava flour (12.24%) which can be used for composite bread preparation ( Table 6 ). It had also higher percentage of fat and fibre.
CONCLUSION
Twenty percent cassava and fermented cassava flour composite breads were acceptable in terms of sensory evaluation but higher amounts of substitution gave unsatisfactory score and baking quality. α-amylase in fermented cassava flour reduced the rate of change of firmness during storage. Soy protein fortification (u p to 30%) in cassava flour improved bread quality in terms of baking properties, textural properties and organoleptic characteristics, which was accepted by the panelist. Thus substitution of wheat flour with cassava flour in bread formulation is possible by applying fermentation and soy protein fortification techniques.
